Use of Cell Culture to Study Muscle Growth in Beef Cattle by Woods, Timothy et al.
University of Nebraska - Lincoln 
DigitalCommons@University of Nebraska - Lincoln 
Nebraska Beef Cattle Reports Animal Science Department 
January 1996 
Use of Cell Culture to Study Muscle Growth in Beef Cattle 
Timothy Woods 
University of Nebraska-Lincoln 
Carol Smith 
University of Nebraska-Lincoln 
Steven J. Jones 
University of Nebraska-Lincoln, sjones1@unl.edu 
Follow this and additional works at: https://digitalcommons.unl.edu/animalscinbcr 
 Part of the Animal Sciences Commons 
Woods, Timothy; Smith, Carol; and Jones, Steven J., "Use of Cell Culture to Study Muscle Growth in Beef 
Cattle" (1996). Nebraska Beef Cattle Reports. 497. 
https://digitalcommons.unl.edu/animalscinbcr/497 
This Article is brought to you for free and open access by the Animal Science Department at 
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Nebraska Beef Cattle 
Reports by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln. 
Table 2. Calf performance, stocltilig rates, and I 
mind speed measurements I 
Protected Unprotected SE I 
Fmal n t lb 528 530 
ADG Ib 59 5 9 l 6  I 
Stocking rate 
headlacre 1 00 76 
I Use of Cell Culture to Study 
I I 
I 
Acres 15.0 11.5 
Miindspeed. mph 3.6 4.4 " .2 I Muscle Growth in Beef Cattle 
the anemometer cages for protection in 
both the protected and unprotected 
fields. 
Wind speed measurements, using 
the anemometers in the fields, indi- 
cated that the average wind speed for 
the protected fields was lower (P<.01) 
than the unprotected fields (Table 2). 
The average wind direction was evenly 
split coming from the northwest, north- 
east, and the southwest. Average tem- 
perature was 26.j°F for the trial which 
is below the critical temperature for 
cattle with a winter coat. 
For November to February in east- 
ern Nebraska, the 30-year average tem- 
perature is 24.j°F,  wind speed is 11.2 
mph, and precipitation is 2.16 inches. 
The winter had a few occasional cold 
periods and precipitation levels caus- 
ing the cattle to become cold stressed; 
however, over the total 78 days, win- 
ter conditions were simi-lar to or 
milder than the 30-year averages result- 
ing in the calves not being exposed to 
constant cold stress. When grazing 
grain sorghum residue, performance of 
calves may not be improved by wind- 
brealcs under average winter condi- 
tions. Observations ofthe fields showed 
that steers used the topography of the 
land for shelter. Windbreaks around 
fields certainly helped the calves find 
easy shelter and allowed more uni- 
form grazing on windy days. If weather 
conditions were more severe for longer 
periods of time. the windbreaks may 
have provided a constant shelter for 
calves and improved grazing patterns 
and calf gains. 
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I Summary 
I 
I Mzlscle cell prolverat ion and 
I dif lerentiation 1t.ere observed 
I nzicroscopicallj~ and biochemicallj~. 
I The cell DNA content increased for 
the first four dajs of cultzre, then 
I decreased s l igh t l y  The tizuscle 
I creatine kinase a c t h ~ i t j  increased 
I dramatically throughout the stz~dy. 
I Protein tzlrnover Ii.as nzeaszlred in 
I nzj.otzlbes incubated ~ t , i t h  either 
I dexatizethasone or insulin in serz~m- 
I p e e  nzedia. Protein degradation 
I ~ t , a s  increased 11,ith increasing 
I dexanzethasone levels, but protein 
synthesis n.as not ajfected. Increas- I .  . . I ~ n g  ~nszllln levels increased protein 
sj,nthesis and decreased protein 
I degnidation. The insulin action at 
I high l e ~ ~ e l s  11.a~ most likely dire to its 
I binding to insulin-like grol t~h Juctor 
I receptors, 11,hich is kno11.n to increase 
I protein sjwthesis. This study denzon- 
I strates that  bovine primary cul- 
I tzlres can be used to stz~dj. mz~scle 
I g r o ~ t ~ h .  
I 
I Introduction 
I Muscle growth is the primary objec- I .  tlve of meat animal livestock producers 
I and represents a major source of amino 
I acids and energy within the animal. 
I Endogenous and exogenous factors that 
I impinge on muscle cell development 
I may influence the animal throughout 
I its life cycle. In the adult animal, treat- 
I ment with hormones, such as anabolic 
I steroids or insulin, can affect muscle 
I metabolism. Attempting to determine 
a compound's effects on muscle cell 
development and metabolism can be 
obscured in animal trials, since other 
organs and tissues are altering the 
environment. 
Muscle cell culture provides a 
research tool to determine the direct 
effects of a specific compound. There 
are several advantages to cell culture 
use. First, the cells can be grown as a 
"pure" culture. Ideally, the cells are of 
the same type. Secondly, the culture 
environment can be controlled. The 
environment includes the atmosphere, 
temperature, pH, and the available 
nutrients. Finally, the sample process- 
ing can be simple and rapid. Cell 
culture results permit researchers to 
look at complex problems in a sim- 
plified model; however, these results 
need to talce the complex nature of 
the animal into account. 
There have been many reports using 
muscle cell culture; however, most 
reports involve established cell lines 
from either mouse or rat sources. The 
definition of a cell line is a cell culture 
that has been passaged, or transferred 
to a new culture dish, many times. 
Many established cell lines have been 
routinely cultured for years, and the 
cell characteristics may have changed 
from the original tissue source with 
time. Few researchers have used 
bovine muscle cells in their studies. 
It is difficult for most researchers to 
obtain a reliable source of fetal tissue. 
Nebraska has a number of beef pro- 
cessing facilities available. which 
would provide a convenient fetal 
tissue source. The objective of this 
study is to develop a inuscle cell cul- 
ture system derived froin bovine 
fetal inuscle tissue. This cell culture 
system would permit the study of 
(Contnnred on next page) 
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potential economically important  
compounds  and the i r  effects  on 
bovine muscle. 
Procedure 
Uteri froin recently slaughtered 
cows were obtained froin a local 
slaughter house. These uteri were 
transported intact to the UNL Meat 
Research Laboratoiy. The fetus from 
each uterus was removed and the 
crown-rump length measured. The 
fetal crown-rump length is indicative 
of the fetus age. For all experiments. 
3-4 foeti ranging fi-om 5.5-7.0 inches 
were processed. The fetus was rinsed 
with 70 % (vlv) ethanol. and the 
hindlimbs were dissected. The skin 
surrounding the hindlimb was peeled 
froin the muscle. and the muscle was 
dissected from the bone. The muscle 
was transferred to a clean petri dish 
and was minced into small pieces. The 
muscle  pieces were  placed in a 
sterile flask containing a phosphate- 
balanced saline with trypsin and 
collagenase. Trypsin is a general 
proteolytic enzyine that removes the 
undifferentiated cells from the mus- 
cle fibers. Collagenase is an enzyine 
that degrades collagen. a connective 
tissue component. The inuscle and 
enzyme mixture was incubated at 37°C 
for one hour. Next, the muscle frag- 
ments were separated from the dis- 
sociated cel ls  by a low speed 
centrifugation. The cells in the super- 
natant were pelleted by centrifugation. 
and they were resuspended in complete 
medium (70 % Delbucco's minimal 
mediuin (DMEM).  20  % M-199 
medium. and 10 % fetal bovine serum 
(FBS)). The cell number present in 
the suspension was deterinined using 
a Coul ter  counter ,  and  the  cel ls  
(approximately 20 x lo6 cells/flask) 
were plated onto 75 cm' flasks with 
15 ml of complete medium. The cells 
were incubated for one hour, and the 
medium was replaced with fresh 
medium. After 48 hours, the media 
were removed, and the cells released 
from the plate surface using trypsin. 
The cell number was determined using 
a Coulter counter. For experiments, cells 
were diluted to 2 x 10' cellslml, and 
0.5. 1.0, and 2.0 ml of this suspension 
was added to 24-. 12-, and 6-well plates. 
respectively. The remaining cells (2 x 
lo6  cellslml) were frozen in 70 % 
DMEM. 20  % FBS, and 10 % 
diinethylsulfoxide at -80°C for subse- 
quent experiments. 
A growth study was performed with 
the cells grown on 6-well culture plates. 
These cells were grown over a 7-day 
period. Every day. one plate was 
removed fi-oin the incubator, and the 
media removed from the wells. Each 
well was washed twice with phosphate- 
buffered saline, in order to remove any 
residual media left on the plate. Each 
plate was fi-ozen at -80°C. until DNA 
and differentiation (phosphocreatine 
kinase) assays were performed. 
The phosphocreatine kinase is one 
of several inuscle specific marker pro- 
teins. Other such marker proteins in- 
clude myosin. a-actin. desmin. and 
a-actinin. As muscle cells differentiate 
by fusing into myotubes. these muscle 
specific proteins increase in concentra- 
Creat~ne Kinase A c t i ~  t! 
-+. DNA 
tion. Therefore, the presence of these 
proteins indicates the myogenic capac- 
ity of the cells. Phosphocreatine kinase 
activity was deterinined using a kinetic 
enzyme assay usinga96-well microplate 
spectrophotoineter. DNA was deter- 
mined using a fluoroinetric procedure. 
Forprotein tuinover studies. the cells 
were plated and allowed to grow and 
fuse into myotubes. The cells were 
treated with either dexamethasone or 
insulin in serum-free DMEM. The 
insulin levels were 0.5, 1.0, 5.0, 10. 50, 
75,100, 500. 1000 nglml in DMEM. 
The dexamethasone levels were 50, 
100, 150, 175,200,250,500,750, 1000 
nM in DMEM. Protein synthesis was 
measured by the incorporation of radio- 
active tyrosine into the myotubes over 
a four-hour period. Protein degradation 
was measured by the release of radio- 
active tyrosine from myotubes over a 
twenty-hour period.  Both protein 
synthesis and turnover were expressed 
as a percentage of semm-fi-ee controls 
containing no hormones. 
0 I 2 3 1 5 6 7 
Da) s post-planting 
Cells \\ere plated at I x 10' cellslml In DMEMM-199 plus 10% FBS After 1 8  h post-plat~ng the media 
\\as changed to DMEM p l ~ ~ s  2% Horse serum (H5) Thereeafier. the med~a  \\as changed e\ er) 1 8  I1 Data 
is expressed as mean 2 SEM 
Figure 1. Differentiation and D l 4  content in b o ~ i n e  primarj muscel cell cultures incubated o ~ e r  
time. 
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The test m e d ~ a  cons~sted of DMEM \ \~ t l i  delamethasone The res~llts \\ere compared to serum-free 
co~ltrols (mean 2 SEM) Each point represents n = 8 
Figure 2. Protein turno~er  in borine primar) m)otubes incubated nith dexamethasone. 
Results 
Individual cells had a tapered 
appearance. when observed under the 
- 
microscope.  The cells multiplied 
over a 2-3 day period, and the dishes 
were almost covered with cells by 
day 3. The cells tended to align parallel 
- 
to each other at confluence. Fusion 
of neighboring cells into inyotubes 
could be observed between day 3 
- and 4 in culture. By day 5, inyotubes 
were the predominant feature of the 
culture dish. 
The DNA content  in the dish 
- 
increased from day 1 to 4. and slightly 
decreased from day 5 to 6 (Figure 1). 
The early increase in DNA content is 
- indicative of the cells undergoing 
rapid proliferation. However, the 
creatine kinase activity increased 
throughout the culture (Figure I), 
with the increase occurring rapidly 
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The test medla cons~sted of DMEM \ \~ t l i  lnsul~n The res~llts \\ere compared to serum-free controls 
(mean 2 SEM) Each point represents n = 8 
tative of muscle cells. Creatine kinase 
is a muscle specific protein. which 
appears after the cell has be, uun to 
undergo differentiation. The decreased 
DNA content was due to some cell 
death occui-ring during the cell fusion 
into myotubes. Myosin content within 
the culture increased with differentia- 
tion (data not shown). These observa- 
tions led to the conclusion that muscle 
cells were isolated froin the fetal tissue. 
and these cells could be viably main- 
tained in culture. 
Dexamethasone increased protein 
degradation but did not influence 
protein synthesis (P>.05) in bovine 
muscle cell cultures (Figures 2). The 
increased protein degradation was 
12 % of serum-free controls (P<.05). 
when the media contained dexa- 
methasone (Figure 2). This increased 
degradation occurred between 0 and 
200 nM,  and the dexamethasone 
response was maximal at 200 nM. 
Insulin altered both protein syn- 
thesis and degradation in the bovine 
muscle cells (Figure 3). The synthesis 
was increased 8 % compared to  
serum-free controls (P<.05) and was 
maximal at 75 nglml (Figure 3). Protein 
degradation linearly decreased (P<.05) 
Figure 3. Protein turno\er in bo\ine primar) mjotubes incubated nith insulin. 
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in the muscle cells by 10 % (Figure 3). 
The insulin effects observed at the 
higher concentrations was likely a 
pharmacological response of insulin 
on the inuscle cells, rather than a 
physiological response. This pharina- 
cological response observed repre- 
sents the insulin binding to the muscle 
insulin-like growth factor receptors, as 
well as its insulin receptors. The 
insulin-like growth factors are potent 
proteins, which exei-t a strong growth 
response and stimulate differentia- 
tion in the cells. Protein turnover in 
muscle cells was shifted towards a net 
protein accuinulation in the muscle 
cells, when the cells were incubated 
with insulin. 
Future research will proceed with 
the development of bovine inuscle cell 
clones. These clones are cell lines that 
have been derived fi-om a single cell. 
This will provide a useful tool to study 
the effects of compounds without 
the interference of other cell types. 
such as fibroblasts. which may pro- 
duce localized hormones that may 
influence the muscle cell culture 
response. The development of a 
serum-free culture media will also 
provide future studies with a con- 
trolled nutrient and hormonal environ- 
ment to grow the cells. With these 
tools, studies involving the effects 
of hormones on the development 
of bovine inuscle cells can be readily 
undertaken. 
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Summary 
o n e  hztndred nrnetjl-fit'o n7edrztnz 
fi.unzed, Brrtrah-breed steers were uaed 
to evalzlate conzbznutrona of grazed 
foruges dztrrng the sun7n7er and fall 
of 1994, and aztbseqzlent finrshrng 
perforn7ance Steera were ~t'rntered 
on a lo~t,-rnpztt wznterzng aj>ste~?? 
conszstrng of cornatulk gruzzng fol- 
lo~ t , ed  611 feedrng of alfalfa huj, 
Steers 1t'ere ullotted to one of szr 
September (ren7oved Septen7ber 7) 
or two Novenzber (ren7oved Noven7ber 
12) pustztre renzovul grurzng ajlstenzs 
Sj1aten7a rn the Septen7ber ren7ova/ 
cona rated of grarrng (1) bron7egruas 
and nutzve Sund/7zlls runge, (2) nutrve 
Sandhrlla range, (3) contznztozls bro- 
nzegruss, (4) rotutlonul bronlegru,~, 
(5) rotatlonu1 red clo~qer ~nter-seeded 
ln bronzegrasr, and (6) brome and 
1.1 arm searon grurser Sjstenzr ln 
the Novenzber renzoval ~ n c l z ~ d e d  
grur-lng o j  (7) bron~egrurs, 1.1 urnz- 
reason grusrer, and turnlps/rj e, and 
(8) bromegrurr and turnlps/rj e 
Follo~i Inggrurlng, rteerr 11 erefinlrhed 
on a 93% concentrate d ~ e t  Sj rtenzs 
ln the September remo~.a l  uslng 
nut1I.e Sundhlllr range or grurlng 
red clover inter-seeded in bron7e- 
gruss had the lowest slaztghter 
breukeven costs. Maxin7iring grured 
foruge gain, 1t,/7ile cost of gain is 1011; 
redzlces overall breakeven costs of 
forage sjatenzs. 
Introduction 
Grazing bromegrass throughout the 
summer provides weight gains of up to 
two pounds a day during early and late 
summer. However, during July and 
August bromegrass growth and quality 
is low and weight gains of cattle grazing 
bromegrass are reduced. Grazing com- 
binations of warm and cool season 
forages allows for optimizing forage 
quality by rotating to warm season 
grasses during July and August.  
Another alternative may be to inter- 
seed red clover in bromegrass to opti- 
mize forage quality. Inter-seeding red 
clover would provide a higher quality 
forage when bromegrass growth and 
quality is low and, in addition, provide 
a source of nitrogen for the brome- 
grass. thus reducing nitrogen fei-tiliza- 
tion costs. Grazing these forages during 
the summer when quality is high, and 
following a winter and spring period of 
limited aniinal growth. should produce 
excellent aniinal weight gains while 
reducing cost of gain. 
Objectives of the research were to 
evaluate the influence of different 
forage combinations on summer and 
fall grazing gains and to evaluate the 
effect of each of these combinations on 
the economics of the entire growing1 
finishing system. 
Procedure 
One hundred ninety-two medium 
framed, British-breed steers (488 lb) 
were purchased in the fall, processed 
and allowed a 28-day weaning and 
acclimation period. Steers were then 
assigned to a low-input wintering sys- 
tem consisting of grazing irrigated 
cornstallis from December 3, 1993 to 
January 31, 1994. Following cornstalk 
grazing, steers were fed alfalfa hay and 
a mineral supplement ad libitum until 
May 7 ,  1994. This diet allowed for .42 
lblday gain and maintained animal 
health while keeping costs to a 
minimum. 
On May 7 ,  1994, steers were 
implanted with Compudose, bloclied 
by weight and assigned to one of eight 
grazing systems (Table I): ( I )  brome- 
grass or native Sandhills range until 
September 7. (2) native Sandhills range 
until September 7 ,  (3) continuous 
brornegrass until September 7. (4) 
rotational bromegrass until Septein- 
ber 7. ( 5 )  rotational red clover inter- 
seeded in bromegrass until September 
7. (6) brome or warm-season grasses 
until September 7, (7) brome or warm- 
season grasses until September 7 with 
brornegrass or turniplrye grazing until 
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